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— anaazipaiEaunntnglu 418341 Computer Graphics
Working Environment (1u OpenGL)
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— 418342 Principle of Computer Animation

* A7 MALALAZINN

— poafail (@anepiunTeataazinlvigmdlana i)



ns liuawaza (Rendering)

* #5193UNNANNULLAABIN WNAAAIARNT

40,
41.
48,
37,
46.
30.
49,
39.
36.
40,
23.
ol.
45.
32.
36.
31,
34.
31,
33.

3765
7488
3294
2949
80206
0925
2234
0274
7923
Y046
2942
4157
7655
3952
2495
0068
1015
o805
9048

246,
226,
239,
230,
239.
232.
231,
2219,
240,
241,
2217.
231,
234.
239,
239,
2306,
203.
Zol.
206,

3446 -13. 3601
Q027 —9. 0628
3752 7. 3497
1508 —9. 6773
2049 -10. 7724
2118 -10. 9210
9015 —b. 4622
7154 6. 8570
2018 —18. 0725
2318 —16, 3400
1024 -17. 4600
8601 -20. 9840
6469 -250. 0268
7475 —9. 4070
0937 —5.3574
1462 -9, 0742
4861 —8. 2940
6262 -9. 3690
8oll —4.1244

http://en.wikipedia.org/wiki/Global_illumination



Physically Based Rendering
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http://en.wikipedia.org/wiki/Rendering



Non-Photorealistic Rendering
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The Legend of Zelda: The Wind Waker
http://en.wikipedia.org/wiki/Toon_shading
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— aanasnndwiuaieglniwsie (Wi Ray Tracing)
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Lighting: Diffuse Reflection

Surface Color Diffuse Shading
Point Light Source

CS348B Lecture 1 Pat Hanrahan, Spring 2007




Lighting: Shadows

No Shadows
Point Light Source

CS348B Lecture 1

Shadows
Point Light Source

Pat Hanrahan, Spring 2007




Lighting: Soft Shadows

Hard Shadows Soft Shadows
Point Light Source Area Light Source

CS348B Lecture 1 Pat Hanrahan, Spring 2007




Lighting: Radiosity

Soft Shadows
Area Light Source

CS348B Lecture 1

Inter-reflection, Diffuse)
Area Light Source

Pat Hanrahan, Spring 2007
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Early Rad

Pat Hanrahan, Spring 2007

CS348B Lecture 1




Early Diffuse+Glossy

Tribute to Vermeer
Program of Computer Graphics, Cornell

CS348B Lecture 1 Pat Hanrahan, Spring 2007




Caustics

Jensen 1995

CS348B Lecture 1 Pat Hanrahan, Spring 2007




Complex Indirect lllumination

Mies Courlycrd House with Curved Elements

Modeling: Stephen Duck; Rendering: Henrik Wann Jensen
CS348B Lecture 1 Pat Hanrahan, Spring 2007




Translucency

Surface Reflection Subsurface Reflection

CS348B Lecture 1 Pat Hanrahan, Spring 2007
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* usazdasizandn Anwa (pixel)
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http://en.wikipedia.org/wiki/Pixels
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Trichromatic Theory of Vision
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wuudaes (Models)

7~ LightWave Modeler 8.3 -0 5[ 7~ Yertex Maps

[Fle_ ] Create | Modify " Mukiply " Construct . Detail . Map L. Setup . Utilties . View

]

Surface Editor
Prinitis

F B Marne

-

~~ Point Statistics i B3
+ - Mame  Mum
Py

i

1}
N Foints "G Poligans [ Symmety [ Modes ¥ [ Numetic  n| Statistics _w] Iiio Suface
iR start |J N BEa@Q & HLW&Aura ”|J ‘NTUS-Mi‘..I QM\chaeIW‘..I @ EditngLig. ..

http://en.wikipedia.org/wiki/3D_Models

CT! -[NT.‘.l (& CDocum... | 18, Jasc Paint .H”iLightw“... st a S B B 11:38
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sindasann http://en.wikipedia.org/wiki/Camera



Graphics Pipeline
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Graphics Pipel
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p://ocw.mit.edu/ 31 6.837: Computer Graphics (Fall 2003)
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Graphics Pipeline (no)
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Ray Tracing
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e AANDINUNTIAZLFYU LULNANT
o lHAFINNNUURNT

— munaae, Monster Inc., Ratatouille

http://en.wikipedia.org/wiki/Ratatouillé_%28film%29



Ray Tracing (a»)
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Shade



Ray Tracing (ao)
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Ray Tracing (a»)
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(%, 9, 2)

o/ 6 v/ Q/ o/

fuannd: ANENETAINNWIANTAUN
u,v,w
S AURIUINLHDTAN NN B
R3 = {(z,v,2) : z,y,2 € R}

LANLA R TN LAt
x = (1,0,0), y = (0,1,0), z=(0,0,1), 0= (0,0,0)
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®  ANUUR LI
u :(5131791,21)
VvV = (mg,yQ,Zg)
® ﬂ”]?‘]J”JﬂLL@Eﬁ@‘LIL‘]ﬂLW@%
u+v=(x1+T2, Y1 +Y2, 21+ 22)

® NNIARAUINLADIFEIANATT

cu = (cxy, cxa, Cx3)
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Linear Combination

* Wi vi,va,...,v,, Junnimesia

WAZ CL C2- -5 Cn PBRATUIUATI LAY
=\
Pl

C1V]1 +CoVo + ...+ C,Vnp

11 linear combination aas vi,ve, ..., Vs



Linear Combination #e)

e nnmasdannannnmadiily linear combination aas

q

X, Y, uar Z

(337 Y, Z) — x(]-? 07 O) —I—y(O, ]-7 O) + Z(O, 07 1) = IX T Yy +2Z



Span

® 01 vy, va,..., v, HunNweilae ua

=
LTLTEINLDF

{aivi +avo + -+ vyt cq, 00, ... 0 € R}

A1 SPaN 189 vi,va,..., v,



Span a3
Span aas
Span a3
Span aas
Span aas
Span aas

Span aas

Span (»o)

X, Y, uay Z Ainiu 3
X fAwinAuunnu X
al g 1 o
Y dpwnnuunu 'y
Z LA NWINAULAY Z
X uay Y dawwinfuscunu XY
X uay Z dAwinftussuny XZ

Y uay Z dpwinfiuszunu yZ



Linear Dependence

® PINAN vy, Vo, ..., Vy

Hunguaesnnwas linearly dependent

a o

v = c dl o dJ = I 1 o
DTHALNANT C1,C2,..-,Cn NU QGLQWQVHQQ\IF’Y]VLNWHT]U 0

NN 197

C1V1—|—CQV2—|—...—|—CnVn:O



Linear Independence

* msvdwuriiu linear dependence

® $INANI91 V1, V2, ..., Vi
Lﬂun@jmmmm%ﬁ linearly independent
BRI c1, s e TN

C1V1—|—CQV2—|—...—|—CnVn:O



Linear Independence (no)

X, Y, uaz Z --- linearly independent

(1,2,0) uaz (2,4,0) --- linearly dependent
wanz 2%(1,2,0) — (2,4,0) = (0,0,0)

(1,0,1), (2,3,0), (2,1.5,1) --- linearly dependent
wene (1,0,1) + 0.5%(2,3,0) - (2,1.5,1) = (0,0,0)

(0,0,0) --- linearly dependent |
wsnz €(0,0,0) = (0,0,0) duiuen ¢ o nldwindu O
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* {1 u+0udd span aas U Aadunssiiiiuan O uaz U

X
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{cu:ceR}
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* {1 U uaz V i{lunnwmain linearly independent ruuan

span aas U uaz V Asszunuidiuan O, U, way V

X
A
{ctu+cov:cy, e €R}
u
\'
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* U, V, uaz W flunnwmasn linearly independent riu
a2 span 1a9 U, V, uaz W ER1a9i0nimafaidmniaiue

{ciu+ cov 4+ 3w : c1,¢0,c3 € R}



Basis

* faspanaas U, V, uaz W

1 o/ 6 aa v
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iigen U, V, uaz W dilu basis wesiffginnimasaiuiis



Basis (ano)

* X, VY, uaz Z v basis aastFginnmesania
* (1,1,0), (0,1,1), ua= (1,0,1) fflu basis

* ui(1,0,1), (2,3,0), (2,1.5,1) Tl
wmanzauld linearly independent
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* uapnuainans (dot product)

U-v==I1T2+Y1Y2 + 2122

* YUIALINLADT

1
lall = /2% + 7 + 21 = (u-u)z

* ANURAR
u-v=v-u
u-(v+w)=u-v+u-w
u-(cv) =c(u-v)
lu+v[* = [l +[[v]* + 2(u-v)

leul] = cf|ul]
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u-v = |luffv]|cost
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* U Ay YV feaniuisaiia u-v=20
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® ||lul| =1
1 U Wiunnmasuilanidnean

u-v=||v|cosd ARANENT89 V Wawanugelllundaes U
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* uapnnwad (cross product)

u X v = (y122 — Y221, 21T2 — 2271, T1Y2 — T2Y1)

= (Y122 — Y221)X + (2122 — 2221)y + (T1Y2 — T2Y1)Z
X y z
= |1 Y1 =z
L2 Y2 <2

* uxveNannuye U waz V

o |[uxv| =|ul|v|sind uxv
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* WANNYD9 u x v ARRNNNHNAU

— dauT lUaunAres U Widndaiuldnie V

— u X v ganiuszununtianaiag U fdu V weeanlddsnialilsannay

Vv u

u X v NNITaN u X vV AN88NNTTANS
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* ANURARA
uUXv=-vxu
UxXx (V+w)=uxXxv+uxw

ux (rv)=(ru) xv=r(uxv)



